Today, digital data transmission relies on the parallel transmission of information employing wavelength (WDM) or frequency division multiplexing (FDM) 1,2,3 . For quantum communication, such superchannels enable the creation of hyperentangled states. Nonlinear optics has been employed to harness this quantum resource by creating an entangled state of a quantum register formed by different teeth of a frequency comb 4,5 . However to date, frequency combs 6-9 and derived quantum technologies 4,5 are generated by photonic means, rigorously described by Maxwell's classical theory of electromagnetism. Here we report on the realization of a tunable frequency comb of non-classical light, single photons. This comb is emitted from a single semiconductor quantum dot (QD) by coherent optical and surface acoustic waves (SAWs) acting on its exciton transition. The coherent optomechanical interaction mixes optical frequencies at / ≈ and radio frequencies of phonons at / ≥ . Thus, a comb of sidebands is generated in the scattered light spectrum, precisely split by . We show that the nonlinear interaction between two mutually coherent SAW fields at ( ) and ( ) = ( ) creates a highly stable and tunable comb. We observe frequency rungs of scattered photon intensities in the time domain for deliberately set detunings / as small as µ . This extremely stable quantum frequency comb may enable
Today, digital data transmission relies on the parallel transmission of information employing wavelength (WDM) or frequency division multiplexing (FDM) 1, 2, 3 . For quantum communication, such superchannels enable the creation of hyperentangled states. Nonlinear optics has been employed to harness this quantum resource by creating an entangled state of a quantum register formed by different teeth of a frequency comb 4, 5 . However to date, frequency combs [6] [7] [8] [9] and derived quantum technologies 4,5 are generated by photonic means, rigorously described by Maxwell's classical theory of electromagnetism. Here we report on the realization of a tunable frequency comb of non-classical light, single photons. This comb is emitted from a single semiconductor quantum dot (QD) by coherent optical and surface acoustic waves (SAWs) acting on its exciton transition. The coherent optomechanical interaction mixes optical frequencies at / ≈ and radio frequencies of phonons at / ≥ . Thus, a comb of sidebands is generated in the scattered light spectrum, precisely split by . We show that the nonlinear interaction between two mutually coherent SAW fields at ( ) and ( ) = ( ) creates a highly stable and tunable comb. We observe frequency rungs of scattered photon intensities in the time domain for deliberately set detunings / as small as µ . This extremely stable quantum frequency comb may enable practical quantum technologies, for instance quantum clock synchronization 10, 11 or frequency comb spectroscopy 12, 13 at the single photon level.
When a QD is dynamically strained by the oscillating mechanical field of a SAW, it experiences a time-modulation due to the deformation potential 14 . Furthermore, the monochromatic nature and phase stability of the SAW preserve the outstanding coherent properties of the QD 15 . Via the optomechanical interaction, discrete numbers of SAW phonons can be absorbed from or emitted to the SAW field giving rise to coherent inelastic Stokes-and anti-Stokes scattering, respectively. Because SAWs can be readily excited at gigahertz frequencies, which exceed the natural linewidth of the dot's excitonic transitions 16 this hybrid quantum dot optomechanical platform is placed in the resolved sideband regime 17 . The latter is imperative for the frequency multiplexing of the single photons emitted from the dot in focus here. The experimental setup for coherent optomechanical spectroscopy of single QDs is illustrated in Figure   1a . It comprises a GaAs/AlAs Bragg-type semiconductor microcavity with a layer of self-assembled In(Ga)As QDs at the antinode of the optical field. A multi-passband interdigital transducer (IDT), lithographically patterned on the sample surface, facilitates the excitation of SAWs of different frequencies over three frequency bands simply by applying the respective resonant radio frequency (rf) voltage. The exciton transition of a single QD is resonantly excited by a narrow band continuous wave laser and the resonantly scattered photons are detected. Low optical pump powers are used to ensure that the coherence of the scattered single photons is determined by that of the laser 18 . Thus, in the resolved sideband regime, the narrow zero phonon line (ZPL) of the QD at energy < splits into a series of phononic sidebands (PSBs) precisely spaced by >?@ 17, 19 as shown schematically in Figure 1b . Figure 1c shows typical scattered photon spectra of a single QD strained by SAWs of three different >?@ . The This observed phase-matching is well reproduced by theory (lower panel) for the given exciton decay rate /2 and SAW amplitudes ∆ (i) /2 and ∆ (h) /2 .
Next, we demonstrate tunablility of the PSB intensities harnessing nonlinear twophonon couplings. This is achieved by combining two rf signals and connecting them to the IDT 21 . We set >?@ (i) /2 = 0.6775 GHz and >?@ (h) /2 = 1.3550 GHz. As depicted schematically in Figure 2a , we now generate two frequency combs of PSBs split by Figure 3c . This pattern can be seen even more clearly in Figure 3d , which is a zoomin on the regime of small detunings −0.5 Hz ≤ Δ >?@ /2 ≤ +0.5 Hz of the data shown in Figure 3c .
In conclusion, we demonstrated frequency domain multiplexing of single photons emitted from a semiconductor QD. Our scheme relies on SAWs, one of the very few phononic technologies of industrial relevance 23 . The employed nonlinear optomechanical paradigm enables fully fledged coherent frequency transduction over 19 orders of magnitude, proven by the observation of a 50 µHz intensity oscillation of the 330 THz photons emitted by the QD. While our particular implementation is based on epitaxial QDs made of III-V compound semiconductors, defect centers in diamond 24 , silicon carbide 25 or two-dimensional materials 26 have already been proven to be well-suited to be interfaced with SAWs. Moreover, the driving optomechanical interaction can be drastically enhanced by embedding the quantum emitter in phononic or optomechanical resonators 25 building on demonstrated monolithic integration on GaAs 27 . Alternatively, the heterointegration of the semiconductor on LiNbO3 28, 29 harnesses the strong piezomechanical 30 and nonlinear optical properties 31 of the host substrate and the large optomechanical coupling of semiconductor 23 .
Methods

Sample design
The 
Acousto-optical spectroscopy
For measurement the sample was mounted in a cryostat and kept at a temperature of The electrical signals used to excite SAWs were provided by two independent signal generators, that allowed for tuning of signal amplitude, frequency and relative phase.
To ensure a stable phase-lock between both SAWs, the two signal generators were referenced to a common 10 MHz oscillator. Both output signal were added using a standard rf-power combiner and applied to the IDT 21 . For the data shown in the Supplementary Information, two IDTs of the same design were used to generate counterpropagating SAWs.
For the measurements presented in Figure 3 
